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(57) Abstract 

Disclosed herein are compounds of Fomula 0) and phaimaceuticaUy acceptable salts 
thereof which have been found useftil in the treatment of nitric oxide »y^^?^^ 
diseases and disoidera. Including neurodegenerative duonters, disorders of gasoointestii^ 
motility and inflammation. 'n>eses diseases and disorders include hypotension. »pw 
Thoclc^toxic shock syndrome, hemodialysis. IL-S therapy such as ^^f^^^ 
cachexia, immunosuppression such as in transplant therapy, autoimmune and/or »«fl«»«?^ 

incUcaUons including « ^J^, ■^^S.rtTf a^S iSlSs. arthrids. rheumatoid arthritis, chronic or 

hypcit>anc oxygen " ^ imbecility related to cerebral vessel disorder. Ischemic brain edema, sleeping disorders, 

preventing or reversing tolerance to opUtcs and diazepines. 
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TITF ^ TNVF.NTTON 

SUBSTITUTED HETEROCYCLES AS INHIBITORS OF NITRIC 
OXIDE SYNTHASE 

5 R ArKfiROUND np THF. INVENTION 

This application is directed to inhibitors of Nitric oxide 
synthase, and in particular thiazolines and thiazines. 

^ ^ Nitric Oxide in Biology. 

The emergence of nitiic oxide (NO), a reactive, inorganic 
radical gas as a molecule contributing to important physiological and 
pathological processes is one of the major biological revelations of recent 

^ 5 times. This molecule is produced under a variety of physiological and 
pathological conditions by cells mediating vital biological functions. 
Examples include endothelial cells lining the blood vessels; nitric oxide 
derived from these cells relaxes smooth muscle and regulates blood 
pressure and has significant effects on the function of circulating blood 

2Q cells such as platelets and neutrophils as vi^ell as on smooth muscle, both 
of th blood vessels and also of other organs such as the airways. In die 
brain and elsewhere nitiic oxide serves as a neurotransmitter in non- 
adrenergic non-cholinergic neurons. In these instances nitiic oxide 
appears to be produced in small amounts on an intermittent basis in 

25 response to various endogenous molecular signals. In the immune 
system nitric oxide can be synthesized in much larger amounts on a 
protracted basis. Its production is induced by exogenous or endogenous 
inflammatory stimuli, notably endotoxin and cytokines elaborated by 
cells of the host defense system in response to infectious and 

3 0 inflammatory stimuli. This induced production results in prolonged nitric 
oxide release which contributes both to host defense processes such as 
the killing of bacteria and viruses as well as pathology associated witii 
acute and chronic inflammation in a wide variety of diseases. The 
discovery that nitiic oxide production is mediated by a unique series of 
tiiree closely related enzymes, named nitric oxide syntiiases, which utilize 
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Ae amino acd arginine and molecular oxygen as co-substrates has 
provided an understanding of the biochemistiy of this mo^^uL Z 
provides distinct phannacological targets for the inhibition oJL 



Nitric Oxi^f Svnfhfl |8f 



"1^5 reaction, L-arginme, 02 and NADPH flr*. 

NOsXf T ^'-^^-.^^ NOS (CMOS) 
TTey ^: ^ ' '""^""■"ve NOSs have been identified. 

(0 



a consdtuuve. Ca++/catood„Iin dependem enzyme located 
.n the endothehum (ecNOS or NOS 3). that relies Not 
«'Pon« to receptor or physical stimulation 
(") a constotive, Ca++/cah„odulin dependent ;«zyme located 

NO .n response to receptor or physical stimulation. 

(m) >Ca++mdependent enzyme which is induced after 

acdvajion of vascular smooth muscle, mactophages 

ent " of other celt by 

endotoxm and cytokines. Once expressed, this inducftle NO 

^tTo?^r"°'"''''''-'^'--™-<^-r 

brain ncNOS^^r^ltl^* '^^^ ™ 

as P-450-Iike oTml^ "^^"^ ^ "^'^^^'fl-d 

-s.ctu.si2::;^i-Nsrp:^^^^^^^^^ 
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complex suggests that the NOS reaction mechanism may be similar to P- 
450 hydroxylation and/or peroxidation. This indicates that NOS belongs 
to a class of flavohemeproteins which contain both heme and flavin 
binding regions within a single protein in contrast to the multiprotein 
3 NADPH oxidase or Cytochrome P-450/NADPH Cyt c reductase 
complexes. 

Distinct Funrtinns of NO Prndiired bv Different Nitrlc 
Dyide Synthases. 

10 The NO released by the constitutive enzymes (NOS 1 and 

NOS 3) acts as an autocoid mediating a number of physiological 
responses. Two distinct cDNAs accounting for the activity of NOS 1 and 
NOS 3 in man have been cloned, one for NOS 1 (Nakane et. al, FEES 
Utters, 316, 175-182, 1993) which is present in the brain and a number 

1 5 of peripheral tissues, the other for an enzyme present in endothelium 

(NOS 3) (Marsden et. al, FEES Utters. 307, 287-293. 1992). This latter 
enzyme is critical for production of NO to maintain vasorelaxation. A 
second class of enzyme, iNOS or NOS 2, has been cloned from human 
liver (GeUer et. al, PNAS, 90, 3491-5. 1993), and identified in more than 

20 a dozen other cells and tissues, including smooth muscle cells, 

chondrocytes, the kidney and airways. As with its counterpart from the 
murine macrophage, this enzyme is induced upon exposure to cytokines 
such as gamma interferon (IFN-y). interleukin-lp (IL-lp), tumor necrosis 
factor (TNF-a) and LPS (lipopolysaccharide). Once induced, iNOS 

2 5 expression continues over a prolonged period of time. The enzyme does 

not require exogenous calmodulin for activity. 

Endothelium derived relaxation factor (EDRF) has been 
shown to be produced by NOS 3 (Moncada et. al, Pharmacol Reviews, 
43, 109-142, 1991). Studies with substrate analog inhibitors of NOS 

3 0 have shown a role for NO in regulating blood pressure in animals and 

blood flow in man, a function attributed to NOS 3. NO has also been 
shown to be an effector of the cytotoxic effects of activated macrophages 
(Nathan, FASEB J.. 6, 3051-64, 1992) for fighting tumour cells and 
invading microorganisms (Wright et al. Card. Res., 26 ,48-57, 1992 and 



wo 96/14S42 



PCT/US9S/14S12 



-4- 



Moncada « ai, Pharmacological Review, 43, 109.142, 1991) It also 

Tff f and tissue damage, may result largely from Ae 

effects of NO synthesized by the NOS 2. 

NO generated by NOS 2 has been implicated in the 
pathogenesis of inflammatory diseases. In experimental animals 
hypotension mduced by LPS or TNF-a can be reversed by Noi 

et al J Clin T„ t; /;^ **^"^ "^^'^Py'n cancer patients (H^^ 

e^rdvTi'n ? ' ^'''^'^'"^ '^^^^ ^ NOS inhibitor would be 
b tm^ ITf r""' ^hypotension. Recent studies 

n ammal models have suggested a role for NO in the pathogenesis of 

enS eff ''''' "^'"^'^ Lwn o h ve 

stnt ""^'^ inflammation and tissue changes 

s^n m models of mflammatory bowel disease. (Miller et al J 
Pharmacol. Exp. Ther 264 1 1 ia loonx ^ . 
arthritis a.\.J ; / if , ' ""^"^^"^ '^hemia and 

artnntis (lalenti c/. fl/., y. PAamujco/ IIOIM ioqq • 
Racic./^/.. A^A. cft/?/,.«;„ 37 ^S^2 1 'lgg^?! ' 1993; Stevanovic- 
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There is also evidence that an NO synthase enzyme may be 
involved in the degeneration of cartilage which takes place in 
autoimmune and/or inflammatory conditions such as arthritis, rheumatoid 
arthritis, chronic bowel disease and systemic lupus erythematosis (SLE). 

5 It is also thought that an NO synthase enzyme may be involved in 

insulin- dependent diabetes mellitus. Therefore, a yet further aspect of 
the present invention provides thiazine and thiazolone derivatives or salts 
thereof in the manufacture of a medicament for use in cytokine or 
cytokine-inducing therapy, as an adjuvant to short term 

1 0 immunosuppression in transplant therapy, for the treatment of patients 
suffering from inflammatory conditions in which an excess of NO 
contributes to the pathophysiology of the condition. 

.NUMMARY OF THE INVENTION 

15 

The invention disclosed herein encompasses compounds of 

Formula I 

R4 
I 

25 and pharmaceutically acceptable salts thereof which have been found 
useful in the treatment of nitric oxide synthase mediated diseases and 
disorders, including neurodegenerative disorders, disorders of 
gastrointestinal motility and inflanunation. These diseases and disorders 
include hypotension, septic shock, toxic shock syndrome, hemodialysis, 

3 0 IL-2 therapy such as in in cancer patients, cachexia, immunosuppression 
such as in transplant therapy, autoimmune and/or inflanunatory 
indications including sunbum, eczema or psoriasis and respiratory 
conditions such as bronchitis, asthma, oxidant-induced lung injury and 
acute respiratory distress (ARDS), glomerulonephritis, inflammatory 
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sequda. of ««! .Sections, myocardWs. heart faUure, atherosclerosis 
antaus. rheumatoid arflmds. chronic or inflammatoty bowelX™ ' 
«lc rnuve coI,.«, Qohn's diae.se, systemic lupus et^ematost (SLE) 
«=dar cotKhttons such a. ocular hypertension 'reti^raTdt , if , 
Aabetes. msulm-dependent diabetes melliB^s and cystic fibrosis 

h™* ' ■» *■= of ^xia 

cnorea Parkinson s disease, Huntington's disease, amyotrophic lateral 
^lerosts, muhtple sclerosis. Korsakoffs disease. mbL«q^„ a^" 

sequelae, ischemic bram edema, sleeping disorders, schizophrenia 
depression, pre-menstrual syndrome (PMS), anxie,;. drug Son 
pain, migraine, immune complex disease i.-™ "ooicuon, 
acute allograft rejection info^Z ■""""nosupressive agents, 

which pro^^e N^nd f """"^ ™'=«>organisms 

and ° " ~H tolerance to opiates 

DETAII,PP PFSrRIPT7nM npfHp 1^ ,^,^-^ ^ ^,^ 

Fonnula 1 ™' "»"Pa»ses compounds of 



13 I 
R4 



pharmaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
n is 0, 1,2, 3 or 4 

X is selected from C2, O, S and NH 

Rl. R2 and R3 aie each indepcndendy selected ftom the group consisting 
(a) hydrogen. 
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(b) Cl-l2alkoxy, 

(c) Cl-12alkylS(0)k wherein k is 0, 1 or 2, 

(d) monoCi-l2alkylamino, 

(e) (di-Cl.l2alkyl)amino, 
5 (f) Cl-12alkylcarbonyl, 

(g) Cl-I2alkyl, 

(h) C2-12alkenyl, 

(i) C2-12alkynyl, 
0) C5-10cycloalkyl, 

1 0 (k) hetero C5. lOcycloalkyl.wherein the hetero C5- 1 Ocycloalkyl 

optionally contains 1 or 2 heteroatoms selected from S, O 
andN, 

(1) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaryl is selected from the group 
15 consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 

(3) benzooxazolyl, 

(4) furanyl, 

20 (5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 
25 (10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 
30 (15) pyrrolyl, 

(17) isoquinolyl, 

(18) tetrazolyl, 

(19) thiadiazolyl, 

(20) thiazolyl, 
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(21) thienyl, and 

(22) triazolyl, 

(n) amino, 

(O) 0X0, 

5 (p) C(0)OH, 

orcX' 

each of (b) to (m) being optionally mono or di- substituted 

(1) hycSl^xy -dependently selected from 

(2) carboxy, 

(3) -NR6R7. where R7 is selected from hydrogen, phenyl 

cyclohexyIorCi.6alkyl, ^ ^' 

(4) -0R6. 

15 (5)-C02R6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6).NHR7, 

provided that when Ri. R2 or R3 is hydroxy, amino 

mono CMalkylamino or (di-CMalkyl) J„o, said Rj R2 or R, 

~res.de alpha toahetero atom o^ 

or when two members of the group Rj. R2 and R3 reside on the 
same carbon atom of Fonnula I, or two of the group Ri Ro 
and R3 reside on adjacent atoms of Fonnula I,'^^' ' 
members may optionally be joined, such that together with 

saZ r ""^^^ '"^'^-^ the., is forced a 

sat^ted or unsaturated monocyclic ring of 5, 6 or 7 aZs 
said monocycUc ring optionally containfng up t^tiJee heTe;o 
atoms selected from N,0 or S, P to mree hetero 

orwhenamemberofthegrouDRi j 

adjacent tn th. m T , ^ ^ ^^^'"^^^ atom 
adjacent to the N on which R4 resides, said member may 

opuonally be joined with R4. such that together with^ N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 

5 N, OorS, 

R4 and R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) linear and branched Cl-12alkyl, optionally mono or di- 
substituted, the substituents being independently selected 

10 from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 

(4) -0R6. 
15 (5)-C02R6, 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substimted with 

hydroxy, halo, CMalkyl, or CMalkoxy, 
20 (c) -CONR8R9, where R8 and R9 are each independently 

hydrogen, phenyl, cyclohexyl or Cl-6alkyl, said Cl.6alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
25 (3) carboxy, 

(4) -NRloRll, wherein RiQ and Rll are each 

independently H, Cl-6alkyl, phenyl or benzyl, 

(5) -ORlO. 

(6) -CO2R10, 

30 (7) -S(0)mRlO. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above. 
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(10) opuonally substituted heteroaryl wherein heteroaiyl and 

heteroaryl substituents are as defined above 

(11) optionaUy substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5-10cycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 

(d) -CSNR8R9, 

(e) -COR9. 

(f) -CO2R9, 

(g) -CSR9, 

(h) phenyl, 

(i) cyclohexyl, 

R2. R3. am. R4 are hyd^gen. then R5 is other than hydrogen or „,ethy/ ' 
n is 0, 1, 2. 

X is selected from O, S and NH 

Rl. R2 and R3 are each indepen^fcnUy selected from the group consisting 

(a) hydrogen, 

(b) Ci-6alkoxy, 

(c) Ci-6alkylamino, 

(d) Ci.6alkylcarbonyl, 

(e) Ci.6alkyl, 
(0 C2-6alkenyl, 

(g) C5, C6 or Crcycloalkyl, 

(h) hetero C5 or C6 cycloaikyl,wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S. 

(i) aryl, selected from phenyl or naphthyl. 



wo 96/14g42 



PCTAJS95/14512 



. 11 - 

(j) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 



(1) 


furanyl. 


(2) 


pyrazinyl, 


(3) 


pyrazolyl. 


(4) 


pyridyl. 


(5) 


pyrimidyl, 


(6) 


thiazolyl, 


(7) 


thienyl, and 


(8) 


triazolyl, 



each of (b) to 0) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy. 

(2) carboxy, 

L 5 (3) -NR6R7, where R6 and R? are each independently 

hydrogen, phenyl or Cl-4alkyl, 

(4) -OR6. 

(5) -C02R6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

2 0 (7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 

or when two members of the group R 1 , R2 and R3 reside on the 
same carbon atom of Formula I, or two of the group Rl , R2 

25 and R3 reside on adjacent atoms of Formula I, said two 

members may optionally be joined, such that together with 
the carbon atom to which they are attached there is formed a 
saturated or unsaturated monocyclic ring of 5, 6 or 7 atoms, 
said monocyclic ring optionally containing up to three hetero 

30 atoms selected from N, O or S , 

or when a member of the group Ri, R2 and R3 resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
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resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5. 6 or 7 atoms, said monocycle 
opuonally containing up to three hetero atoms selected from 
^» U or S, 

'la) ' ^^ylZT^""''""''' "^'"'^ of 
(b) linear and branched Ci.6alkyl. optionally mono or di- 
subsututed, the substituents being independently selected 

(1) hydroxy, 

(2) carboxy, 

(3) .NR6R7. 

(4) -0R6. 

(5) -C02R6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 
(c^ ^^^'^^J*^°^^^^^^f«>'nF,Cl,BrandI. 

(0 -CONR8R9. where R8 and R9 are each independently 

hydrogen, phenyl, cyclohexyl or CMalkyl. said Ciialkyl 
optionally substituted by i 4^yi 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRii,whereinRioandRii areeach 

(5) .oRio'^"'^'"^^ ^' ^1-4^^' P^^^nyi or benzyl. 

(6) -CO2R10, 

(7) -S(O)mRi0. where m is 0, 1 or 2, 

(8) halo selected from F. CI, Br and I 

(9 optionally substituted aryl wherein the aiyl and 
substituents are as defined above 

(10) optionally substituted heteroaryl w'herein the heteroaiy] 

and subsutuents are as defined above 

(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above 
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(12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein the hetero cycloalkyl and substituents are as 
defined above, 

(d) -CSNR8R9. 

(e) -COR9, 
(0 -CO2R9. 

(g) -CSR9. 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 

double bond. 

Within this genus is the class of compounds of the formulae 
la and lb or tautomers thereof 



R4 or "4 

la lb 



wherein 
n is 0, 1 or 2 

X is selected from O, S and NH, 
25 Ri and R2 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) linear and branched Cl-4alkyl, said Cl-4alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 
30 (l)carboxy, 

(2) -NHR7, wherein R6 and R? are each independently 

hydrogen or Cl-3alkyl, 

(3) -OR6, 

(4) -C02R6, 



wo 96/14842 



PCT/US95/14512 



14 



(5) -S(0)kR6, where k is 0, 1 or 2 
R4 IS selected from the group consisting of 

(a) hydrogen, 

(b) -CONHR9. where R9 is hydn)gen or Ci.3alkyl, said Cj 
3alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRii,whereinRioandRii are each 

independently Ci-3alkyl 

(5) -ORio, 

(6) -C02Rio, 

(7) -S(0)inRlO. where m is 0, 1 or 2, 



(c) 


-CSNHR9; 


(d) 


Cl-3alkyl; 


R5 is selected from the g 


(a) 


hydrogen. 


(b) 


-CONHR9, 


(c) 


-CSNR8R9. 


(d) 


Cl-3alkyl. 



Within this class are die compounds of the formulae 



^ or ^^4 



and tautomers thereof. 

disclosed hel"^? ^ ^-P'- "^"8h 4, 

carbon a..::rsr:^,^°{^;fj" ? ' f "-""ional 

c roimuia J nng, ()„ and definitions "CH2" and 
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"NH" under X, provide available positions for the substituents Ri, R2 or 
R3. 

When any variable (e.g. Rl, R2, R3, R4, R5. R6, R7. R8, 
Ra, Rb, k, n, p etc.) occurs in any position of a compound of Formula I, 
it's definition on each occurrence is independent of it's definition at every 
occurrence. 

As appreciated by those of skill in the art, compounds of 
Formula I include those wherein there is a double bond at side a or b such 
as shown in la and lb or tautomeric forms thereof 



On X 



]'■■ J On X 



R4 '"2 ."3 H 

15 la lb 

As also appreciated by those of skill in the art, compounds 
of Formula 1 wherein or when two members of the group Ri, R2 and R3 
are joined together to form a ring are intended to include such formulae 
as: 

20 





' )n ^ ( )p I |- 

•^4 or 

wherein p is 0, 1, or 2 and n is defined as above and wherein the second 
ring may contain up to three hetero atoms selected from N, O or S 

Similarly, compounds of Formula I wherein a member of the 
group Rl, R2 and R3 resides on an atom adjacent to the N on which R4 
resides and forms a ring therewith may be illustrated by: 
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wherein p is 0. 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N,0 or S y^^^oapto 

linear branch^' aT'^r"' 'P^"^"" alkyl is defined to include 
linear, branched, and cychc structures, with Ci.6alkyl including methyl 

' P^Pyl. Z-Propyl, s- and t-butyl, butyl pemvl hexvl rJ ' 

cyclobuty,. cycloixnty. and cyCohe^x sXTmS^ f 

i^Tbr:^-:!— 

brf,ctH^ r*""'""''^"' ' "'««artK,n atoms of a straight 

MTduon, me propylthio group signifies -SCH2CH2CH3 
"^^^'■^"y^ i"^^"des furan, thiophene. pyrrole isoxa7olP 

NOS tmplicated diseases. He implication of these diseases iTwell 

rwh f , « *'* ^ Mandia ef. a/ hvest 

„ .1, »«C „„„„ w«.K „. S. Si,,, 
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129: 3167-73 (1991); with regard to septic shock, see Petros et. al, 
Lancet, 338\ 1557-8 (1991),Thiemermann & Vane, Eur. J. Pharmacol., 
21 1: 172-82 (1992), or Evans et. al, Infec. Imm., 60: 4133-9 (1992), or 
SchilUng et. al. Intensive Care Med., 19: 227-231 (1993); with regards to 

5 pain, see Moore et. al. Brit. J. Pharmacol., 102: 198-202 (1991), or 
Moore et. al, Brit. J. Pharmacol., 108: 296-97 (1992) or Meller et. al, 
Europ. J. Pharmacol, 214: 93-6 (1992) or Lee et. al, NeuroReport, 3: 
841-4 (1992); with regard to migraine, see Olesen et. al, TIPS, 1 5: 149- 
153 (1994); with regard to rheumatoid arthritis, see Kaurs & Halliwell, 

1 0 FEES Letters, 350: 9-12 (1994); with regard to osteoarthritis, see Stadler 
et. al. J. Immunol. 147: 3915-20 (1991); with regard to inflammatory 
bowel disease, see Miller et. al. Lancet, 34: 465-66 (1993) or Miller et. 
al. J. Pharmacol. Exp. Ther., 264: 1 1-16 (1993); with regard to asthma, 
see Hamid et. al. Lancet. 342: 1510-13 (1993) or Kharitonov, et. al. 

1 5 Lancet, 343: 133-5 (1994); with regard to Inmiune complex diseases, see 
MuUigan et. al. Br. J. Pharmacol., 107: 1159-62 (1992); with regard to 
multiple sclerosis, see Koprowski et. al, PNAS. 90: 3024-7 (1993); with 
regard to ischemic brain edema, see Nagafiiji et. al, Neurosci., 147: 159- 
62 (1992) or Buisson et. al. Br. J. Pharmacol., 106: 766-67 (1992) or 

20 Trifiletti et. al. Europ. J. Pharmacol. 218: 197-8 (1992); with regard to 
toxic shock syndrome, see Zembowicz & Vane, PNAS, 89: 2051-55 
(1992); with regard to heart failure, see Winlaw et. al. Lancet, 344: 373- 
4 (1994); with regard to ulcerative colitis, see Boughton-Smith et. al. 
Lancet 342: 338-40 (1993); and with regard to atherosclerosis, see White 

25 et. al, PNAS, 91: 1044-8 (1994); with regard to glomerulonephritis, see 
Miihl et. al, Br. J. Pharmcol, 112: 1-8 (1994); with regard to paget's 
disease and osteoporosis, see L6wick et. al, J. Clin. Invest., 93: 1465-72 
(1994); with regard to inflammatory sequelae of viral infections, see 
Koprowski et. al, PNAS, 90: 3024-7 (1993); wiih regard to retinitis, see 

3 0 Goureau et. al, BBRC. 186: 854-9 (1992); with regard to oxidant induced 
lung injury, see Berisha et. al. PNAS, 91: 744-9 (1994); with regard to 
eczema, see Ruzica, et al., J. Invest. Derm., 103:395(1994); with regard 
to acute allograft rejection, see Devlin, J. et al.. Transplantation, 58:592- 
595 (1994); and with regard to infection caused by invasive 
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nucroorg»isms which produce NO. see Chen. Y and Rosazza. J P N 
Biochem. Biophys. Res. Comm.. 203:1251-1258(1994). 

, "A'discussion of methods of 

creannen, which follows. refe,ences to the compounds of 1 
meant to also include the pharmaceutically accq,table salts 

The phaimacendcal compositions containing the active 
«.g«d,ent may be in a fonn suitable for oral use. for example .^tblets 
.n>ches. lozenges, aqueous or oily suspensions, dispetsible p^wte o 
8«nules, emulsions, hani or soft capsules, or sym^ or elixS 
Compos-uons m.«ded for oral use may be prepared according to any 
method known to the an for d,e manufacture of pharmaceutic^ 

seiectedfromdiegroupconsistingofsweeteningagents flavoiini 
agents, coloring agents and preserving agents in order to » 

acnve mgredient m admixmre with non-toxic pharmaceutically 
ac^ptable excptents which are suitable for the manufacture o^ tablets 

carbonate, sodtmn carbonate, lactose, calcium phosphaK or s^um 

starch, or algrmc acd; bmding agents, for example starch Latin or 

acd or talc. The tablets may be uncoated or they may be coated hv 
taown techniques to delay dismtegration and abso^on 1^^^ ' 
S"f™ r ^ --ion L a longer 

technique de^bed in th^ U.S. p'^T,2l:joZZr.:r " 
4.265.874 to form ..smotic therapeutic tablets for control release 

""""'ations for oral use may also be presented as hart 
^Zl^^'rfr^ '"^'^ withlnt^solid 
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Aqueous suspensions contain the active material in 
admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example sodium 
carboxymethyl-cellulose, methylcellulose, hydroxy- 

5 propylmethycellulose, sodium alginate, polyvinyl-pyrrolidone, gum 
tragacanth and gum acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example 
polyoxyethylene stearate, or condensation products of etfiylene oxide 

1 0 with long chain aliphatic alcohols, for example heptadecaethylene- 

oxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol 
monooleate, or condensation products of ethylene oxide with partial 
esters derived from fatty acids and hexitol anhydrides, for example 

1 5 polyethylene sorbitan monooleate. The aqueous suspensions may also 
contain one or more preservatives, for example ethyl, or n-propyl, p- 
hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents, and one or more sweetening agents, such as sucrose, saccharin or 
aspartame. 

2 0 Oily suspensions may be formulated by suspending the 

active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 

2 5 above, and flavoring agents may be added to provide a palatable oral 

preparation. These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granule suitable for preparation of 
an aqueous suspension by the addition of wai provide the active 

3 0 ingredient in admixture with a dispersing or wetting agent, suspending 

agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example sweetening, flavoring and 
coloring agents, may also be present. 
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he in ,h. f„ ""t P'^«=™'i<=»' composiaons of the invention may also 
be m the fom, of an oiI..n-water emulsions. The oily phase may be a 

exHe r "T"'' " ^"^^ o-LeZil 0 

example hqmd paraffin or mixt««^ of these. Suitable emulsifyi„. aLs 
may be naturaIly-«=onning phosphatides, for example soy 
»d esters or pattial esters dedved from fatty acids L he xhT ' 
anhydndes. for example sorbitan monooleale. and condensation products 
of the smd pantal estets with ethylene oxide, for example 

. ayalsocontam 

-vorex^::^rsXercorr^:::rr:::^such 

fonn^attons may also contain a demulcent, a p„servative ^drvoring 
andco onng agents. ThephannaceuUcal compositions may be inl 
form of a stenle mjectable aqueous or oleagenous suspension TOs 
suspenston may be formulated according to the known an us ng *L 

st^leTni«lt ^7- ^ '"j""*"' ""P^tio- 1» be a 
ccen ? " * Parenterally- 

acceptable diluent or solvent, for example as a solution in I 3-butLe dim 
A^ong fte acceptable vehicles and solvents that may be ".^plorL 
water. Roger's solution and isotonic sodium chloiide solution In 
addtdon sterile, fixed oUs are conventionally employed t a ^Iven. or 

emp oyed mcludmg synthetic mono- or diglycerides. In addition fatty 
acds such as ole.c acid find use in the preparation of inject^^k" ^ 
form „f ^"T^ Of fonnula I may also be administered in the 

'""^'^ «*»i"i^t.ation of the drug. Ze 
compositions can be prepated by mixing the drug witt, a suitable L 

g. !.uch matenals are cocoa butter and polyeUiylene glycols. 

sust^nsion, Z '^f- j'^'""' ^'"tions or 

suspensions, etc.. contiumng the compound of Formula I are employed 
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(For purposes of this application, topical application shall include mouth 

washes and gargles.) 

Dosage levels of the order of from about 0.01 mg to about 
140 mg/kg of body weight per day are useful in the treatment of the 

3 above-indicated conditions, or alternatively about 0.5 mg to about 7 g per 
patient per day. For example, inflammation may be effectively treated by 
the administration of from about 0.01 to 50 mg of the compound per 
kilogram of body weight per day, or alternatively about 0.5 mg to about 
3.5 g per patient per day, preferably 2.5 mg to 1 g per patient per day. 

1 0 The amount of active ingredient that may be combined with 

the carrier materials to produce a single dosage form will vary depending 
upon the host treated and the particular mode of administration. For 
example, a formulation intended for the oral administration of humans 
may contain from 0.5 mg to 5 g of active agent compounded with an 

1 5 appropriate and convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit 
forms will generally contain between from about 1 mg to about 500 mg 
of an active ingredient, typically 25 mg, 50 mg, 100 mg, 200 mg, 300 mg, 
400 mg, 500 mg, 600 mg, 800 mg, or 1000 mg. 

20 It will be understood, however, that the specific dose level 

for any particular patient will depend upon a variety of factors including 
the age, body weight, general health, sex, diet, time of administration, 
route of administration, rate of excretion, drug combination and the 
severity of the particular disease undergoing tiierapy. 

25 

As^^Y Prntncol for NOS activity 

NOS activity is measured as die formation of L-[2,3,4,5- 
3H]Citrulline from L-[2,3,4,5-3H]Arginine. The incubation buffer (100 
30 nL) contained; 100 mM TES, pH 7.5, 5 \lU FAD, 5 ^iM FMN, 10 ^lM 
BH4, 0.5 mM NADPH, 0.5 mM DTT, 0.5 mg/mL BSA, 2 mM CaC12, 10 
[Lg/mL calmodulin (bovine), 1 ^iM L-Arg, 0.2 ^lCi L-[2,3,4,5-3H]Arg, 
and the inhibitor in aqueous DMSO (max. 5 %). The reaction is initiated 
by addition of enzyme. Incubations are performed at room temperature 
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for 30 minutes and stopped by the addition of an equal volume of 
quenchmg buffer consisting of 200 mM sodium ciLe. pH 2 2 0 02% 
sodium azjde. Reaction products a,^ separated by pass ng throl f 

Percent mhibition ,s calculated relative to enzyme incubated wiZut 
inhibitor according to: % inhibition = 100 x (cpm L- [2 sTs 3 m^^^ >H 
inhibitor / cpm L-[2.3 A5-3HJCit without inW^torX ^ "^"^'^ 

fhP .Ki> ,^""f^^^^ "taity of the compounds of Formula I is 

^6 !nH ' '^^^^"""^ '"^^'^ NO synLe as showT^n rib es 

1-6 and as measured by the assay described above: 

TABLE 1 



1 Compound 


% inhibition 




(50uM) 




100 






C /)-NH2 


27.0 


\— N 




[ /)-NHEt 





-N 
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5 



R5 


% inhibition 
C50uM) 


H 


100 


n-Pr 


78 



TABLE 3 

15 



Compound 


% inhibition 
(50uM) 


r^S 0 


79 


>r^s 0 


65 



30 
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? s 



H 



10 



15 



R8 


% inhibition 
(50uM) 


Me 


85 


Et 


86 


n-Pr 


57 


i-Pr 


91 


n-Bu 


96 


cyclohexyl 


83 


phenyl 


89 



20 



25 



30 
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lAELEi 

N N N 
" Re 



R8 


R9 


% inhibition 
(50uM) 


CH2CH2NMe2 


H 


81 


CH2CH2CH2NMe2 


H 


94 


CH2CH2CH2NEQ 


H 


58 


CH2CH2NMe2 


Et 


50 


CH2CH2NEt2 


Et 


69 


CH2CH2NMe2 


CH2-Ph 


80 


CH2CH2N(Me)CH2Ph 


Me 


75 


CH2CH2CH2NE12 


Me 


62 
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TABLE6 




R5 


% inhibition 
(50uM) 


H 


100 


S Me 
y Me 


96 


S 

H NMeg 


76 



TABLE? 

ses bv Tv^li^ Tc»» 



Example iNOS 
No- IC50 ( 

J 0.018 

12 3.03 

13 1.43 

14 16 

15 <50 

16 ND 

19 13 

20 12.2 



ecNNOS 


ncNOS 


IC50 (uM) 


IC50 (uM) 


0.065 


0.029 


>50 


<0.5 


12.4 


0.3 


>50 


ND 


ND 


ND 


^^D 


ND 


50 


9.6 


>50 


5 
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10 



21 


2.7 


1.8 


0.59 


23 


22 


>25 


6.7 


24 


1.25 


>25 


6.1 


25 


0.34 


7.4 


0.54 


26 


0.012 


0.28 


0.02 


27 


0.0045 


0.34 


0.023 


28 


0.169 


40.5 


4.85 


29 


0.028 


1.4 


0.252 


30 


0.0141 


0.68 


0.052 


31 


0.015 


0.094 


0.021 


32 


0.073 


1.38 


0.073 


33 


0.016 


0.5 


0.024 


34 


1.05 


5.47 


0.083 


35 


0.007 


<0.1 


<0.1 


36 


0.056 


<0.5 


<0.1 


37 


>50 


>50 


>50 


38 


0.66 


2.5 


0.1 


39 


0.019 


<0.1 


<0.1 


40 


0.33 


1.8 


0.1 


41 


21 


24.3 


1 



Several methods for preparing the compounds of this 
invention are illustrated in the following schemes and examples. Some 
of the compounds are known in the literature. A limited number of 
substimted thiazole and thiazoline derivatives are reported to be 
inhibitors of NO synthase. See WO 94/12165 and J. Biol. Chem. 1994. 
289, 26669-76. Unless otherwise stated, starting materials were obtained 
from commercial sources. In one method illustrated by example 1 
(Scheme 1: path a), these compounds are prepared by reacting an 
aminoalkyl halide with potassium thiocyanate and the resulting 
aminoalkylthiocyanate is cyclized in the presence of a base or a cyanide 
ion. The aminoalkyl halides starting materials are commercially 
available or they can be prepared by the methods known to those skilled 
in the art. Alternatively the amine substrate for the displacement reaction 
may contain a different leaving group such as a mesylate or a tosylate 
which are prepared fron the corresponding alcohol using the methods 
described in March J. Advanced Organic Chemistry, 3rd ed., John Wiley 
& Sons. New York, p. 444 (1985). 
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o^, I *• ^ example 2, the amine is first reacted with an 

acytang agen, such as an alky,, a^, or acyl isoUuocyaratetrfte 

catalyst. If an acyUsothiocyanate is used (Example 19) a 2- 
acylaimnothiazine pnjduct is obtained. 

°f 1 shows a thiid way for formine the 

suMer T"""- aminoLholZi o other 

sunable denvadve ,s reacted with carbon disulfide to fo™ the 

IS ril^d^T^* ^""'P an 

amine gives the desu-ed 2-amino substituted heterocycle. 
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SCHEME 1 




Two methods for the preparation of cyclic compounds from 
a thiourea are shown in shceme 2 and illustrated by examples 21 and 22. 
Thus reaction of a thiourea with 1,2-dibromoethane can give a thiazoline 
(Example 21). Alternatively if the thiourea contains a double bond, 
cyclization in the presence of an acid can result in the desired ring. 
Alternatively iodocyclization (Example 22) can lead to an iodo derivative 
which can be further modified by hydrolysis or by displacement reactions 
as shown in examples 23 and 24. 



30 
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I BrCH,CH,Br 



,R 

H H 

X = H or I 



meAod. 2-anunoth.azoli„e (and other rings) prepared by 

meftods shown ,„ schemes 1 or 2 can be forther modified, for examnle 
by acylaaon (scheme 3). Hius reaction of 2-Amino-5.6-d hyZffl 3- 

dlnW » 0*"«yMoa procedures as 

descnbed „ March J.. Advanced Organic Chemistry. 3rd ed John Wilev 
& Sons, New Yo*. (1985) may also be used. If an^ ocya:«te or an ' 

«,tu~' P^-tTa:,ea or 
Z.Z?h. """^ " " be prepared by 

re^ung the ammo compound with phosgene, thiophosgene, or oth« 
carbonyl tr^fer reagents such as carbonyldiuni Jole or 
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SCHEME 3 




Acylation 




'a 



5 



X = O or S 




COCIg. CSCI2. 
GDI orTCDI 




RbRcNH 




10 



R 



N=C=X 



NRbRc 



The invention will now be illustrated by the following non- 
limiting examples in which, unless stated otherwise: 



15 



all operations were carried out at room or ambient temperature, that 
is, at a temperature in the range 18-25'C; evaporation of solvent was 
carried out using a rotary evaporator under reduced pressure (600-4000 
pascals: 4.5-30 mm. Hg) with a bath temperature of up to 60°C; the 
2 0 course of reactions was followed by thin layer chromatography (TLC) 
and reaction times are given for illustration only; melting points are 
uncorrected and 'd' indicates decomposition; the melting points given are 
those obtained for the materials prepared as described; polymorphism 
may result in isolation of materials with different melting points in some 

2 5 preparations; the structare and purity of all final products were assured by 

at least one of the following techniques: TLC, mass spectrometry, 
nuclear magnetic resonance (NMR) spectrometry or microanalytical data; 
yields are given for illustration only; when given, NMR data is in the 
form of delta (S) values for major diagnostic protons, given in parts per 

3 0 million (ppm) relative to tetramethylsilane (TMS) as internal standard, 

determined at 400 MHz or 500 MHz using the indicated solvent; 
conventional abbreviations used for signal shape are: s. singlet; d. 
doublet; t. triplet; m. multiplet; br. broad; st£.: in addition "Ar" signifies 
an aromatic signal; chemical symbols have their usual meanings; the 
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following abbreviations have also been used v (volume), w (weight) b d 

The preparation and biological properties of isothioureas 
ave been reported in the literature (Schroeder. CHem, Rels ^SS SS 
181; Doherty etai, J. Am. Chem. Soc, 1957 79 5667- anH rI! ^' / 

u Tph f t;^^'^' «;.Sed"' ?9Ti 

yc;y, 379-388; Fastier. Bnt. J. Phamiacol.. 1948. 3, 198). 

EXAMPT ^T ? I 
2-Amino-^6-dihv^ fn-4tf_ | o ^ ^^ j^- j^^^. 

A flask containing 8.76 g (40 mmol) of 3- 

bromopropylamine hydrobromide and 3 89 £ (40 mmnU of . • 
thiocvanatP in 0^ ™t ^ ^ mmol) of potassium 

Jiltered. UPO" cooling the filtrate white crystals were fornied 
aCf s^S r f • ^"^^ "^^^ -d7^ .0^ tain 

o^wirs^r— ^^^^^^^^^^^^ 

at 40 or fnr h « ^ *® mixture was kept stirred 

iTfi^^eiitn^^t^rr'"''^ 

.amoved by addin. Zm ^' 

treated with 60 m^„f M nu "T"*""""- The residual solid was 
ted w,th 60 mL of MeOH and filtered to remove KBr. TT,e fitoted 
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was reduced to about 20 mL and allowed to cool to RT. The solution was 
diluted with EtOAc (50 mL) and on standing crystals were formed. The 
solid was filtered, washed with EtOAc and dried to isolate 3.2 g of the 
tide compound. An additional 0.97 g (53% total) of thtitle compound 
was obtained from the filtrate by concentration and cooling. 

IH NMR (CDCI3) 6: 1.79 (m. 2 H). 3.0 (m. 2 H), 3.48 (m. 2 H). 
Mass Spectrum m/e = 117 (M+1). 

F.yAMPLE2 
9-Mftthvlamin n-^-6-dihvdro-4H- 1 .3-thia?ine, 



A mixture of 0.19 g (0.87 nunol) of 3-bromopropylamine 
1 5 hydrobromide in 3 mL of toluene containing 63 uL (0.92 mmol) of 

methylisothiocyanate and 0.16 uL (0.92 mmol) of diisopropylethylamine 
was heated to reflux. After 30 min the starting hydrobromide had 
dissolved and a yellow oU separated. The reaction mixture was cooled 
and extraced with water. The combined aqueous extract was washed 
20 with ether. The water layer was made basic (pH = 10) by adding 2N 
NaOH and then extracted with CH2CI2. The CH2CI2 layer was washed 
with brine and dried over Na2S04 and the filtrate was concentrated to 
provide 68 mg (60 %) of the tide compound. 

iH NMR (CDCI3) 6: 1.80 (m. 2 H), 2.77 (s. 3 H), 3.0 (m. 2 H), 3.54 (m, 
2 H). 

Mass Spectrum m/e = 131(M+1). 

Compounds of Examples 3- 1 1 were prepared by following 
^ ° the procedure of Example 2 by substitating an appropriate isothiocy anate 
for methylisothiocyanate. 



PXAMPLE 3 
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? . -Ethvlam)no--> r ^^^^ ^ ^ ^ 



3.20 (q, 2 H, J = 7 Hz), 3.52 (m. 2 H). 
Mass Spectrum m/e= 145(M+1). 



EXAMPLFr4 

• Mass Spectrum m/e= 1 59(M+1). 

EXAMPTF^ 

2-(2-Mgthvlr r hvl)amino-^ Mihvdrn 4H-i ^-th| ^;,i ^ . 
Mass Spectrum m/e= 159(M+1). 

EXAMPIrR(> 

2-PutYlainino-5 6-dihvHr^.4l^ _^ a ^ ^j ^-j ^ ,. 
Mass Spectrum m/e = 173(M+1). 



EXAMPfFj 

?-(-?,^Piniethvlethvn^^^^ 1 ^ T 1 | |, i,„ j,,, 

Mass Spectrum m/e = 173(M+l). 

EXAMPTp,^ 

2-(CYglohexvnaminn.S ^Hj^ y^,^ l-fhi^ ^jn. 
Mass Spectrum m/e = 199(M+1). 

EXAMPTFQ 



EXAMPTT7,^n 
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1- f :^-Dimethvlflminpropvna fnino-,S.6-dihv(1ro-4H- 1 .3-thiazine. 
Mass Spectrum m/e = 202(M+1). 

EXAMPLE U 

2- f 2-Dimethvlaminoethvnamino-5.6-d ihvdro-4H- 1 .3-thiazine. 

iH NMR (CD30D) 8: 2.24 (in, 2 H). 3.31 (s, 6 H), 3.31 (m. 2 H), 3.62 
(t, 2 H), 3.71 (t. 2 H), 3.88 (t, 2 H). 

EXAMPLE 12 

2-r3-DiethvlaminoDroDvla mino-thiocarhonvl-amino)-5.()-4ihY<lro-4H- 
1. 3-thiazine. 

To a solution of 80 mg (0.615 mmol) of 3- 
diethylaminopropylamine in 1 mL of CHCI3 and 1 mL of saturated 
NaHC03 was added 47 uL (0.615 mmol) of thiophosgene. After 
vigorously stirring the mixture for 0.5 h, the layers were separated and 
die aqueous phase was extracted with CH2CI2. The combined organic 
phase was washed with brine, dried and concentrated. The residue was 
dissolved in 1 mL of DMF and the solution was added to 0.1 g (0.512 
mmol)of 2-amino-5,6-dihydro-4H-l, 3-thiazine hydrobromide in 1 mLof 
DMF and 86 uL (0.615 mmol) of Et3N. The mixture was heated at 60 *C 
for 4 h, then allowed to cool to room temperature over night. The 
reaction was partitioned between water and EtOAc. The EtOAc layer 
was washed with water, brine, dried and the filtrate was concentrated. 
The residue was purified by prep TLC using 30 % MeOH-EtOAc to 
isolate 48 mg (33 %) of the title compound. 
Mass Spectrum m/e = 289, 196, 173, 157,125, 100. 

EXAMPLE 13 

2-r3-Dimethv1aminopror>vlamino-thio carbonvl-aminoV^,6-dihydro-4H- 
1.3-thiazine. 
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H, J = 7 Hz). 3.0 (m. 2 H). 3.25 (t, 2 H, J = 7 Hz), 3.52 (m, 2 H). 
MassSpecttum ni/e = 261,216, 186, 173, 159. 




AeAytoinopropylamine in example 12 the Utlc compound was 
Mass Spectrum m/e = 247, 213, 202, 159. 

2=i2:D kik 

dihvdrn-4H.^ ^-ThiH^inr 



3H 1 1 .h- ^ '^^"f °" ^^^"^ "™°*> of 2-amino-5,6-dihydro- 

was heated to 50 'C Aft*.r -? h tu^ mixture 
uioou After 2 h the reacuon was cooled and partitioned 
between water and EtOAr tk» i pdniuonea 

Mass Spectrum m/e = 303, 170, 145, 125. 
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The compounds of examples 16-18 were prepared by the 
procedure of example 15 and substituting the appropriate diamine for 
N.N-diethyl-N'-methyl- 1 ,3-propanediamine. 

o(o_r>;^.tK Yl ;^T ?i"ni.thvnett iYl^t^ i""-thiocarbonv1-Rmino)-,').6-dihydrQ- 
41^-1 /^-thiazine. 

Mass Spectrum m/e = 275,159.145, 142. 129, 117. 

FXAMPLE 17 

0-p-nfPt|i vlaminnethvneth Yl«minn-thiocarhonv1-aminpV^.(^-dihYdro- 
4^-1.3-thiazine. 

Mass Spectrum m/e = 303. 170, 159. 145. 143. 118. 102(M+1). 

FYAMPLE 18 

20 H^^Y1^rf^'^H-^■3-thia2ine. 

Mass Spectrum m/e = 337. 292, 207. 191. 177, 159. 

FYAMPLE 19 

9-Rpn7nviamino-4H-3, 1 -ben7,othiMmg 

<^|p p ^; i.r2-Brom ffn^?thvnphenv1-3-ben7,ovl-thiOtfrga. 

To a solution of 0.223 g (1.81 mmol) of 2-aminobenzyl 
alcohol in 7 mL of toluene was added 0.24 mL (1.81 mmol) of benzoyl 
3 0 isothiocayante. After stirring the mixture under N2 atmosphere for 2 h. 
the reaction was partitioned between water and EtOAc. The water layer 
was extracted with EtOAc and each EtOAc layer was washed with brine, 
dried, combined and concentrated to obtain 0.449 g of a residue. A 
solution of this residue in 8 mL of MeCN was added to a solution of 
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!!,TT,S r 1 bromine ,o 0 53 g (2 

Tn^H ,^ . ""^ »OAc. washed with water 

bnne. d^ed and concentnited. „siduc was chron,a.ogn.phed ol a 

NMR (CDC13) 6: 4.03 (s. 2 H), 7.1-7.6 („,. 7 H), 8.2 (d. 2 H, J = 7 
2-B^iia>Yla.iiinn-4H-ri.h>.„„|hin^jn- 

A solution of 0.158 g (0.43 nunol) of l-(2- 
toomomeftyophenyl-s-benzoyl-thiourea (from step A) in 2 mL of 

brined 77'' E'O'^'- ^^^h"" with 

compound '0 0107 g (88%) of the tide 

NMR (CDCIS) 6:4.0. (s, 2 H). 7.(.7.5 (m, 7 H). 8.16 (d, 2 H. J = 7 
MassSpectnim m/e = 269(M+1). 
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F.XAMPLE 20 
?-A"linMH-?.i->^p-"7.Qthiazine 

A suspension of 98 mg (0.37 mmol) of 2-benzoylamino-4H- 
^ 3,1-benzothiazine (Example 19) in 4 mL of 2 N HCl was heated to reflux. 
After 24 h at reflux the solution was cooled and washed with Et20. The 
aqueous layer was concentrated to isolate 39 mg (52%) of the tiUe 
compound as a yellow solid. 

^° iH NMR (CD3OD) 5: 4.27 (s, 2 H), 7.15-7.6 (m, 4 H). 
Mass Spectrum m/e = 165(M+1). 



F.X AMPLE 2]i 
15 S-n-Thiazolinvnamino-no rynlinp, hydrochloride. 

■Step A: Na-f^ F"^" yv^«^^""v^^--V ^^-t*^^^°^^"^^^^^^"^^^'^^^^^^ ^" 

hutvl ester. 

A solution of 0.1 18 g (0.33 mmol) of Na-(t- 
^° butoxycarbonyl)-5-thioureido-norvaline t-butyl ester (Tet. Lett. 1991 , 32, 
875-878) in 2 mL of CH2CI2 was treated with 86 uL (1 ntunol) of 1 ,2- 
dibromoethane and 0.175 mL (1 mmol) of diisopropylethylamine. The 
vial was tightly capped and heated in a 40 'C bath overnight. The 
solution was diluted with CH2CI2, washed with water, brine, dried and 
concentrated. The residue was chromatographed on a flash column using 
a gradient of EtOAc to 80:19:1 EtOAc:MeOH:Et3N to isolate 54 mg 
(44%) of the title compound. 

iH NMR (CDCI3) 5: 1.42 (s, 9 H), 1.44 (s, 9 H). 1.5-1.9 (m, 4 H), 3.17 
^° (t, 2 H, J = 7 Hz), 3.45 (q. 2 H, J = 7 Hz). 3.64 (t. 2 H, J = 7 Hz). 4.1 (m. 
1 H). 5.28 (m, 1 H). 

Step B: S-(2-Thiazolin vnamino-norvaline hydrochloride. 
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HCl gas was passed through 2 mL EtOAc at 0 'C until if «,«c 
saturated. 11ns solution (2 mL) was added to 54 mg (0 44 Lo,) ' 

step A) and the mixture was stirred overnight. A white solid was formed 
The mixnire was diluted with Et20. the solid was filtered, washed wT 
Et20 and dned to isolate 26 mg (71%) of the tide compound. 

^ 2H.J = 7Hz).4.06(t.lH.J = 7H2).4.I2(t,2H.J = 7H2). 

EXAMPT,P70 

ir(S)-2-lmino.3-thifl-|-a7n-hirvrlorT^nv ^l^ p ^ 

^*^P HS)-2-Thioxo-3-thia-l-.7.-^ f.v^i^p ^ 

To a solution of 2.5 g (24.5 mmol) of 2-(S)- 

hTogt;"^^^^^^ " ' ' r « °C bubbled 

ftydrogen chlonde gas until saturation. After 10 min at 0 or q mi 

refluxed for 90 mm. Reaction mixture was cooled to room temperaLre 
and stilted overnight (approximatelv i ^ c ^: , ^^""P^rature 
chlorofo™ were LovSTdr acul ^eXt^'i" 
wid. .eU,™„, ana successive ^ea^rwi J^h^:^' ZZl^:^'^ 

(45 mmol) of tnethylamine. The reartinn ''^♦•^nu. 
roo„.e.pe«n.,f^,„3^~~^^^^ 

white soM ' ^ °' """P"""" - » yl'owish 
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iH NMR (500 MHz, CDCI3): 5 4.59 ( m. IH), 3,59 (dd, 
IH), 3.43(dd, IH), 3.29 (m, 2H), 2.20-2.42 (m, IH), 2.18 (m, IH), 1.74 
(m, IH). 

13c NMR (400 MHZ, CDCI3) 6 190.88. 71.88, 46.26, 
35.79,31.35. 28.79. 

StepB: S-rS^-2-Tmino-: ^-thifl-1-a7a-birvr1o(3.3.0)PCmng, 

^ ° To a solution of 1 g (6.28 mmol) of 5-(S)-2-Thioxo-3-thia- 1 - 

aza-bicyclo(3.3.0)octane in 5 ml of dimethoxyethane at room temperature 
was added 0.78 ml (12. 4 mmol) of iodomethane and stirred at room 
temperature for 3 hours. Evaporation of the solvent and excess 

1 5 iodomethane gave the solid residue which was washed with ether giving 
1.64 g ( 99% yield) of a solid. 

iH NMR (500 MHz, D2O) 5 5.11 ( m, IH), 3.83 (dd, IH), 3.65-3.71 (m, 
2H), 2.85 (s, 3H), 2.47-2.60 (m, 2H), 2.32-2.37 (m.2H), 2.00 (m, IH). 
20 13c NMR (400 MHZ, D2O) 5 186.70, 77.23, 48.12. 36.87, 29.26, 28.96. 

18.10. 

Ammonia gas was passed through a solution of 0.303 g (1 
mmol) of the solid obatined above in 5 ml of dry methanol at room 
temperature for 15 min.. The reaction was allowed to proceed overnight 
25 (15 hrs). Evaporation of methanol in vacuum gave the title compound. 

iH NMR (500 MHz, D2O) 8 4.73 ( m, IH). 3.44-3.56 (m. 4H), 2.37-2.47 
(m, 2H), 2.18 (m, IH). 1.81(m, IH). 

13c NMR (400 MHz, D2O) 5 70.78, 44.99. 35.01, 29.69. 28.89. 

EXAMPLE 23 



7-Amino-4-iodomethvl- thiazoline 
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10 



15 



25 



After stimng for 3 h the reacaon was complete, so the mixture was 
concentrated and the tesidue was chromatographed usin^ 10- l oT 
hexane/EtOAc/MeOH to isolate 1.13 , («%) of allSt 

25 .ro«7 ^"''"'"''""''"■"gofaHylthioureain lOmLof CH2CI2 
2.5 g (9.67 mmol) of iodine was added. Within 1 h a pale yeUow 

solution brine and concentrated to give additional solid which was 

^trcr^e^snrr''^^^^^^^^^ 

13c NMR (500 MHz. DMSO) 5 151, 54, 49.10. 



10 2-Amipo-4-hvdroxvmf»Thyi_||^j„,nliTir 



30 



~lddedl3^S"^otofsr^^^^^ 

the tit.e:::7o™fas a ^7:^^ ""^ 

iH NMR (500 MHz, DMSO) 6 10 (s IH) 9 ^'J ^ no , 

188 (dd, IH), 3.75 (dd, IH), 3.53 (1 ,H) ' 
i3C NMR (500 MHz. DMSO) 5 172.5. 63. 50.5, 50. 

EXAMPTp7<; 

5-((2-amino-fhia7niinn)m fT ^ y n i7nt h jrnin,, 
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To a mixture of 350 mg (1.45 mmol) of 2-ainino-4- 
iodomethyl-thiazoline (from Example 23) in 3 mL of dioxane were added 
473 mg (2.17 mmol) of di-t-butyldicarbonate and 3 mL of saturated 
5 NaHC03. The reaction was stirred overnight, filtered and the filtrate was 
concentrated. The residue was chromatographed using 5:1 
hexane/EtOAc to obtain 330 mg (69%) of 2-t-butoxycarbonylamino-4- 
iodomethyl-thiazoline. 

10 iH NMR (500 MHz. CDCI3) 6 4.21 (dd, IH). 4.05 (m, IH), 3.73 (m, 
IH), 3.4 (dd. IH). 3.3 (t, IH). 1.55 (s. 9H). 

To a solution of 120 mg (0.35 mmol) of 2-t- 
butoxycarbonylamino-4-iodomethyl-thiazoline in 4 mL of absolute EtOH 
1 5 was added 32 mg (0.425 mmol) of thiourea and the solution was stirred 
overnight. The precipitated solid was filtered and washed with cold 
EtOH, dried to furnish 20 mg of S-((2-t-butoxycarbonylamino- 
thiazolino)methyl)isothiourea. 

20 iH NMR (500 MHz. CDCI3) 5 4.0 (m. 2H). 3.85 (br s. IH). 3.45 (br s, 
IH), 3.3 (br s. IH), 1.55 (s,9H). 

To a solution of 12 mg of S-((2-t-butoxycarbonylamino- 
thiazolino)methyI)isothiourea in 3 mL of EtOAc. HCl gas was bubbled to 
25 saturate it. After stirring the solution overnight the solvent was 

evaporated and the residual solid was washed with chloroform to furnish 
5. 1 mg of the title compound. 

iH NMR (500 MHz. CD3OD) 54.4 (br s, IH), 4.05 (br s), 3.9 (br s, IH) 

3.6 (br s, IH). 
30 13c NMR (500 MHz, CD3OD) 5 172, 54. 49.6. 

EXAMPLE 26 

9-Arnintvcis-5.6-dimethv1-5.6-dihvdrn -4H-1.3-thiazine,. methanesylfopjc 
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fctBu 



h„H, •, ■■ ^ "-^'^ 8 (9 ramol) of 2-inethyI-3-hvdn>xv 

L,AJH4 and the resulting was heated to reflux for 2 h. The reaction 

. 1, ^ ^^"'"'^ P»<'*^ rinsed with more Et20 The 

Cr^^if r r/""™ ^ <"■• ^ waT 

for 3 h die reacuon mixture was partitioned between water and BOaT 
The organic layer was washed with brine, dried and concent^eT 
residue was chromatographed using 30-50% Prfl T 
g of the title compound. EtOAc-hexane to yield 0.92 

Si^pC; VMnhflnnulfnnYl n,! 7 i.hntvw.,.., ,.^.^,.^., 

h„n,i k'^ « ('"3 mmol) of 4-t- 

bu.yloxycarbonylami„o.3.methyI-2.buta„„l in 8 mL of CH2CI2 was 

m mt' n'^i'f """"'^ of-*— ny, chloride and O 3 

rlovi Lr,^ ^T^"'""°'^- Aft" >0 -in the ice bath was 
removed and the solution was allowed tn u;5.r,« 

«.enex, 1 h. Tbereacti^i was pll'^^^r ^^5^2^" 
and die a,ueo„s layer was extraced with CH2CI2. T:ZT,i2'Zic 
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layer was washed with brine, dried and concentrated. The residue was 
dissolved in 15 mL of EtOAc saturated with HCl gas. After stirring foe 3 
h the solution was concentrated leaving 0.455 g of the title compound. 

,Stp p n- 2.Amino-cis-5. 6-dimethvl-5.6-dihvdro-4H-1.3-thi^ine. 
piftt liAnesulfonic acid salt 

To a well stirred solution of 0.455 g (2.09 mmol) of 3- 
methanesulfonyloxy-2-methyl-butylamine hydrochloride in 5 mL of 
CHCI3 and 5 mL of saturated NaHC03, 0.18 mL (2.3 mmol) of 
thiophosgene was added. After 50 miin the layers were separated and the 
aqueous layer was extracted with CH2CI2. The combined organic layer 
was washed with brine, dried and concentrated. The residue was purified 
rapidly on a flash column using 30% EtOAc-hexane to furnish 92 mg of 
the isothiocyanate. This product was dissolved in 6 mL of MeOH which 
was previously saturated with NH3 and the reaction was stirred 
overnight. The solution was concentrated leaving 81 mg of the title 
compound. 

20 iH NMR (CD3OD) 8: 1.07 (d, 3 H), 1.37 (d, 3H), 2.38 (m, IH). 2.69 (s. 
3H). 3.34 (dd, IH), 3.48 (dd. IH), 3.72 (qd, IH. J=7 and 3.2 Hz). 

Mass Spectrum m/e = 145(M+1). 

EXAMPLE 27 

25 

2-Amino-trans-5.6-dimethvl-5.6-dib vdm-4H-l .S-thiazine hvdrobromidc 

To a solution of 0.402 g (2.2 mmol) of 4-t- 
butyloxycarbonylamino-3-methyl-2-butanol (from E>.ample 26, step B) 
30 in 10 mL of dry acetonitrile was added 1 . 12 g (2.65 mmol) of 

dibromotriphenylphosphorane. After stirring for 2 h the reaction mixture 
was quenched with water, the layers were separated and the aqueous 
layer was washed with EtOAc. The aqueous layer was concentrated and 
the residue was dissolved in 2 mL of CHCI3 and 2 mL of saturated 
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NaHC03 and 0.095 mL (1.25 mmol) of thiophosgene was added After 
ex^acted with CH2CI2. ITie organic layer was washed with brine, dried 

'roTT P"^^^ eluting with 

^^!^^^!^!^ ^l-f ? isothiocyanate. 



This 



product was dissolved in 5 mL of MeOH sanirated wth NH3 and the 
mixture was stirred for 6 h. The solution was concentrated leaving 23 m, 
of the desu-ed product. «^«viiig ^0 mg 

, IH NMR (CD3OD) 6: 1.12 (d. 3 H). 1.41 (d, 3H). 1.95 (m IH) 3 17 
(dd. IH), 3.53 (dd. IH). 3.37 (quintet. IH, J=7 Hz^. 

Mass Spectnim ta/t = 145 (M+1). 

EXAMPTP?« 

;r.T.^*sr ^-^ 3.95 

Mass Spectrum m/e = 171 (M+1). 

EXA\fPI.P2 Q 

^^g^^gg ^-».-birvr l oH30)n P r , 

by U,e p^cei^ T^^, •""^ cycopen-aneoxide 
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iH NMR (CD3OD) 8: 1.5- 2.0 (m, 6 H), 2.24 (m, IH), 2.69 (s. 3H), 3.26 
(dd, IH). 3.48 (dd. IH), 3.83 (q. IH, J=6 Hz). 

Mass Spectrum m/e = 157 (M+1). 
^ F.y AMPLE 30 

7-Amino-trans - 4S-dimethvl-S.6-dihvdro-4H-1.3-thi^ang 
<;tpp R; 3-Amino-2-methvl-l-butanol 

10 

A solution of 1.737 g (25 mmol) of hydroxylamine 
hydrochloride in 20 mL of MeOH was neutralized by adding 12.5 mL of 
2N NaOH solution and 1.4 mL (10 mmol) of ethyl 2-metiiylacetoacetate 
was added. The mixture was stirred for 1 h and concentrated. The 

1 5 residue was dissolved in water and extracted with EtOAc. The EtOAc 
solution was washed with brine, dried and concentrated to give 0.974 g of 
a residue which was dissolved in 20 mL of Et20. The solution was 
cooled in an ice bath and 0.48 g of LiAlH4 was added. The suspension 
was heated to reflux for 2 h then cooled in ice bath and quenched by 

2 0 sequencially adding 0.48 mL of water, 0.48 mL of 1 5% NaOH solution 
and 1 .5 mL of water. The mixture was stirred for 0.5 h to allow the 
aluminium salts to coagulate. The solution was filtered through Na2S04 
and the solid was rinsed with Et20. The combined filti-ate was 
concenti^ted to yield 0.54 g of the titie product as an oil which was used 

25 in the next step without purification. 

Stftp R: 3-t-Butvlox vamino-2-methvM-butanQl 

A solution of 0.54 g of 3-amino-2-methyl-l-butanol in 6 mL 
of acetonitrile and 6 mL of IN NaOH was treated witii 1.371 g () of dit- 
^ ° butyldicarbonate. After stirring ovemight the reaction mixture was 
partitioned between water and EtOAc. The aqueous layer was extracted 
with EtOAc. The combined EtOAc layer was washed with brine, dried 
and concentrated. The resdue was chromatographed on a flash column 
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u«„g a gradient of 20-30% EtOAc-hexane to isolate 0.26 g of the erythro 
(faster movmg) isomer and 0.14 g of the tiueo (slower) isomer. 

^ * K . , ^^^^ compound was prepared from die direo isomer of 

e;;^^^^^^^^ described T 
Example 26 steps C and D. 

3H). 3.02 (dd. IH), 3.21 (dd. IH), 3.38 (quintet. IH, J=7 Hz). 
Mass Spectrum m/e = 145 (M+1). 
^5 EXAMPT.F^^i 

sulfonic 

20 h.,t.i • ''^^ ''ompomd was synthesized from erythro 3-t- 

306 WilH). 3.27 (dd.lH). 3.72 (qd.lH,J=6.8 and 3.4 ffe). 
Mass Spectrum m/e = 145 (M+1). 

EXAMPT.F,:>? 

A: tran.^-t-Atn;yirw o u.,j — , 

iiCYclohexane hyHrpchloridft 
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The title compound was prepared fron ethyl cyclohexanone- 
2-carboxylate by the method described in Example 31 step A. 

<;fp p R- 4-Amino-3-thia-^-aza-trans -hir.vclof4.4.0Vdec-4-ene, methane 
jfyl fonic acid salt 

5 

This compound was prepared from trans- l-amino-2- 
hydroxymethyl-cyclohexane hydrochloride by the procedure of Example 
26 steps C and D. 

10 iH NMR (CD3OD) 5: 1.1-2.1 (m, 9 H), 2.7 (s, 3H), 3.02 (m, 2H), 3.18 
(m, IH). 

Mass Spectrum m/e= 171 (M+1). 
^5 FXAMPLE33 

K.<i)-6fR^-4-Amino-3-t hia-5-aza-cis-bicvc1o(4.4.0)-dgg-4-gne 
[.y^rorhlnriHp fr.77Q.425^ 

The title compound was prepared from l(R)-2(S)-l-amino- 
^ ° 2-hydroxymethyl-cyclohexane by the method of Example 26 steps C and 
D. 

iH NMR (CD3OD) 6: 1.4-1.9 (m, 8 H). 2.32 (m.lH). 3.14 (dd, IH), 3.33 
(dd, IH), 3.72 (m, IH). 

25 

Mass Spectrum m/e = 171 (M+1). 

EXAMPLE 34 

irRV6f.<;^-4-At ninn-3-thia-5-a7.a-cis-bicvclo(4 4,0)-dgC-4-gng <h- 

The tide compound was prepared from l(S)-2(R)-l-amino- 
2-hydroxymethyl-cyclohexane by the method of Example 26 steps C and 
D. 
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Sl^S? 35-38 were synthssized by the method of 

Example 26 steps C and D starting with the appropriate aminoalcohol. 

IH NMR (CD30D) 6: 1.3-2.0 (m. 9 H). 2.85 (dd. IH). 3.12 (dd. IH). 
3.45 (m, IH). 

Mass Spectrum m/e= 171 (M+1). 

EXAMPT.F,^«; 

2-AmiPo-4-mr r hyl-5.(>-dihYdro-4H-1 3 fhia.inp hy ^r-^hridr 

Mass Spectnim m/e = 131 (M+1), 

EXAMPlF-i^ 

Mass Spectrum m/e = 193 (M+1). 

EXAMPT.F,^7 



NMR (CD30D) 8: 2.9-3.6 (m. 5H), 7.2-7.5 (m. 5H). 
Mass Spectnim m/e = 193 (M+1). 

EXAMPrp:>^ 



wo 96/14842 



PCT/USW/14512 



-51- 

9-Amino-^.methvl-5.6-d ihvdro-4H-1.3-thia7.ine hydrochloride 

MassSpectram ni/e= 131 (M+1). 

^ FX AMPLE 39 

9- Ammn-6-methvl-5.6-d ihvdro-4H-l ■3-thia7,ine hydrochloride 

iH NMR (CD3OD) 6: 1.43 (d, 3H), 1.82 (m. IH). 2.3 (m, IH), 3.45 (m, 
2H), 3.65 (m, 2H). 

10 

Mass Spectrum m/e =131 (M+1). 

EXAMPLE 40 

^5 Amino-6.6-diinethvl-5.6-dib vHro-4H.l .3-thia7,ine hydrochloride 

iH NMR (CD3OD) 8: 1.52 (s, 6H), 2.06 (dd, 2H). 3.62 (dd, 2H). 

Mass Spectrum m/e =131 (M+1). 
20 EXAMPLE 41 

9-Amino-6-phenvl-5.6-dihvdro-4H- 1 -3-thiazine hydrochloride 

Mass Spectrum m/e = 193 (M+1). 
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1 . A compound of Formula I 



or a phannaceuticaUy acceptable salt thereof wherein- 
side a or side b has a double bond, 
n is 0, 1,2, 3 or 4 
X is selected from O, S and NH, 

Rl. R2 ami R3 are each indepen'denUy selected from the group consisting 

(a) hydrogen, 

(b) CM2alkoxy, 

(c) Ci.i2alkylS(0)k wherein k is 0. 1 or 2 

(d) mono Ci.i2alkylamino, 

(e) (di-CM2alkyl)amino, 
(0 CM2alkylcarbonyl, 

(g) Ci-i2alkyl, 

(h) C2-12alkenyl, 

(i) C2-12alkynyl, 
(j) C5-I0cycloalkyl, 

(k) hetero Cs-lOcycloalkyl. wherein the hetero C5-10cycloaIkyl 
opuonally contains 1 or 2 heteroatoms selected from S O 
and N, ' 

0) aryl, selected from phenyl or naphthyl 
(m) heteroaiTl. wherein heteroaryl is selected from the group 
consisnng of: ^ ^ 

(I) benzimidazolyl. 
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U a; 


pyioz-iiiyi, 






pyiazoiyi, 




(13) 


pyridyU 




(14) 


pyrimidyl, 




(15) 


pyrrolyl. 


15 


(17) 


isoquinolyl, 




(18) 


tetrazolyl. 




(19) 


thiadiazolyl, 




(20) 


thiazolyl, 




(21) 


thienyl, and 


20 


(22) 


triazolyl, 



(n) amino, 
(o) oxo, 
(p) C(0)OH, 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
25 orCi-ealkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

30 (3) -NR6R7, where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Cl.6alkyl, 

(4) -0R6. 

(5) -C02R6. 

(6) -S(0)kR6. 
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(7) halo selected from F, CI, Br and I 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7. 

provided that when Ri. R2 or R3 is hydroxy, amino 
5 mono CMalkylamino or (di-Ci-4aIkyl)amino. said R], R2 or R3 

must not reside alpha to a hetero atom of the ring on which it 
resides, 

or when two members of the group R], R2 and R3 reside on the 
same carbon atom of Fonnula I. or two of the group Ri R2 
10 and R3 reside on adjacent atoms of Formula I, said two ' 

members may optionally be joined, such that together with 
the carbon atom to which they are attached there is formed a 
saturated or unsaturated monocyclic ring of 5, 6 or 7 atoms 
said monocyclic ring optionally containing up to three hetero 
^ ^ atoms selected from N, O or S 

or when a member of the group Rj. R2 and R3 resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionaUy be joined with R4. such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
opdonally containing up to three hetero atoms selected from 
or 

^ 5 la) ' ZZT"'^"'''"' ^^'"^^ '^^"^ 

(b) Hnear and branched Ci-i2alkyl. optionally mono or di- 
substituted, the substituents being independently selected 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 

(4) -0R6. 

(5) -C02R6. 

(6) -S(0)kR6, 
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(7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, Cl-4alkyl, or Cl-4alkoxy, 

(c) -CONR8R9, where Rg and R9 are each independently 

5 hydrogen, phenyl, cyclohexyl or C l-6alkyl, said C l .6alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

10 (4) -NRloRl 1 . wherein RlO and R 1 1 are each 

independently H, Cl-6alkyl, phenyl or benzyl, 

(5) -ORlO. 

(6) -CO2R10, 

(7) -S(0)mRlO, where m is 0, 1 or 2, 
1 5 (8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defmed above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defmed above, 
20 (11) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defmed 
above, 

(12) optionally substituted hetero C5.iocycloalkyl wherein 
hetero cycloalkyl and hetero cycloalkyl substituents 
25 are as defmed above, 

(d) -CSNR8R9, 

(e) -COR9. 
(0 -CO2R9, 
(g) -CSR9. 

30 (h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and side b is 
a double bond, and further provided that when n is 0 or 1, X is S and R] , 
R2, R3, and R4 are hydrogen, then R5 is other than hydrogen or methyl. 
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2. A compound according to claim 1 wherein 
nisO, 1,2, 3 or 4, 

X is selected from O, S and NH, 

Rl, R2 and R3 are each independently selected from the group consisting 

(a) hydrogen, 

(b) Ci.6alkoxy, 

(c) Ci.6alkylamino, 

(d) Ci-6alkylcarbonyl, 

(e) Ci.6alkyl, 
(0 C2.6alkenyl, 

(g) C2.6alkynyl, 

(h) C5, C6 or Cycycloalkyl, 
hetero C5, C6 or Crcycloalkyl.wheiein the hetero C5, C6 or 
C7cycloalkyl optionally contains 1 or 2 heteroatoms selected 
from S.O and N, 

aryl, selected from phenyl or naphthyl, 
(k) heteroaiyl. wherein heteroaiyl is selected from the group 
consisting of: ^ 



(i) 



(j) 



(1) 


benzimidazolyl, 


(2) 


benzofiiranyl, 


(3) 


benzooxazolyl, 


(4) 


furanyl, 


(5) 


imidazolyl, 


(6) 


indolyl, 


(7) 


isooxazolyl. 


(8) 


isothiazolyl, 


(9) 


oxadiazolyl, 


(10) 


oxazolyl, 


(11) 


pyrazinyl, 


(12) 


pyrazolyl, 


(13) 


pyridyl, 


(14) 


pyrimidyl, 
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(15) pyrrolyl, 

(16) quinolyl, 

(17) tetrazolyl, 

(18) thiadiazolyl, 
5 (19) thiazolyl. 

(20) thienyl, and 

(21) triazolyl, 

each of (b) to (k) being optionally mono or di- substituted 
the substituents being independently selected from 
10 (1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R? are selected from hydrogen, 

phenyl, cyclohexyl or Cl-6alkyl, 

(4) -0R6. 
15 (5)-C02R6. 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7, 

20 or when two members of the group R 1 , R2 and R3 reside on the 

same carbon atom of Formula I, or two of the group Rl , R2 
and R3 reside on adjacent atoms of Formula I, said two 
members may optionally be joined, such that togetiier with 
the carbon atom to which they are attached there is formed a 

25 saturated or unsaturated monocyclic ring of 5, 6 or 7 atoms, 

said monocyclic ring optionally containing up to diree hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 resides on an atom 
adjacent to the N on which R4 resides, said member may 

3 0 optionally be joined with R4, such that together with the N 

on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
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optionally containing up to three hetero atoms selected from 
N, O or S, 

R4 and R5 are each independenUy selected from the group consisting of 

(a) hydrogen, ^ 

(b) linear and branched Ci.6alkyl. optionally mono or di- 
substituted, the substituents being independently selected 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 

(4) -0R6. 

(5) -C02R6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

fr^ nr..rL^^}^° ^^^""^^^ ^' CI. Br and I. 

(0 -CONR8R9. where Rg and R9 are each independenUy 

hydrogen, phenyl, cyclohexyl or CMalkyl, said Ci.4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRi 1 , wherein Rio and R 1 j are each 

(5) .ORj^^P^"^""^y Cl-4^yJ' phenyl or benzyl. 

(6) -CO2R10, 

(7) -S(0)mRlO, where m is 0, 1 or 2. 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl whereii aryl andaryl 

substituents are as defined above 

(10) optionally substituted heteroaryl wLerein heteroaryl and 

heteroaryl substituents are as defined above 

(11) opuonally substituted C5. C6 or Cycycloalkyi wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 
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(12) optionaUy substituted hetero C5, C6 or C7cycloalkyl 
wherein hetero cycloalkyl and hetero cycloalkyl 
substituents are as defined above, 

(d) -CSNR8R9. 

(e) -C0R9, 
(0 -CO2R9. 

(g) -CSR9, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 

double bond. 



3. A compound according to claim 2 wherein 
nis 0, 1,2, 3 or 4, 

15 X is selected from O, S and NH, . 
Rl, R2 and R3 are each independently selected from the group consisting 

of 

(a) hydrogen, 

(b) Cl-6alkoxy, 

20 (c) Cl.6alkylamino, 

(d) Cl-6alkylcarbonyl, 

(e) Cl-6alkyl, 

(f) C2-6alkenyl, 

(g) C5, C6 or C7cycloalkyl, 

25 (h) hetero C5 or C6 cycloalkyl, wherein the hetero C5 or C6 

cycloalkyl optionally contains 1 heteroatom selected from S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl, 
(j) heteroaryl, wherein heteroaryl is selected from the group 
30 consisting of: 

(1) furanyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl. 
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(5) pyrimidyl, 

(6) thiazolyl, - 

(7) thienyl, and 

(8) triazolyl, 

5 each of (b) to 0) being optionally mono or di- substituted the 

subsutuents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. wherein R6 and R7 are each independently 
^ ■ hydrogen or C i ^alkyl, 

(4) -0R6. 

(5) -C02R6. 

(6) -S(0)kR6. where k is 0, 1 or 2. 

(7) halo selected from F, CI, Br and I 
15 (8) -C(=NR6)-NHR7. 

(9)-S-C(=NR6)-NHR7, 
or when two members of the group Rj, R2 and R3 reside on the 
same caAon atom of Formula I. or two of the group R, Ro 
and R3 reside on adjacent atoms of Formula I, said two' 
members may optionally be joined, such that together with 
the carbon atom to which they are attached there is fonned a 
saturated or unsaturated monocyclic ring of 5, 6 or 7 atoms 
said monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S 
or when a member of the group Rj. ^2 and R3 resides on an atom 
adjacent to the N on which R4 resides, said member may 
opUonaUy be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5. 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
iN, u or S, 
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(b) linear and branched C l .6alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

(1) hydroxy, 
5 (2) carboxy, 

(3) -NR6R7. 

(4) -0R6. 

(5) -C02R6, 

(6) -S(0)kR6. 

1 0 (7) halo selected from F, CI, Br and I. 

(c) -CONR8R9, where Rg and R9 are each independendy 
hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Cl-4alkyl 
optionally substituted by 

(I) hydroxy, 
15 (2) amino, 

(3) carboxy, 

(4) -NRloRll. wherein RlO and R 1 1 are each 

independently H, CMalkyl, phenyl or benzyl, 

(5) -ORlO. 
20 (6) -CO2R10, 

(7) -S(0)mRlO. where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 
25 (10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(II) optionally substituted C5 or C6 cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

3 0 (12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 
substituents are as defined above, 

(d) -CSNR8R9. 

(e) -COR9. 



wo 9M4842 



PCT/US95/14512 



-62- 



(f) -CO2R9, 

(g) -CSR9, 

(h) phenyl, 

(i) cyclohexyl, 

ZluLT ^^^^ ^ ^ ^^"^^^ ^^^^ ^ a 



n is 0. 1 , 2 0/3 according to Claim 3 wherein 

X is selected from O, S and NH 

R 1 . R2 and R3 a« each indepen'dendy selected f™m fte group consisting 

(a) hydrogen, 

(b) CMalkoxy, 

(c) CMalkylamino, 

(d) CMalkylcarbonyl, 

(e) linear and branched Ci ^alkyl, 

each of (b) to (e) being optionally mono or di- substituted 

(1) hyclroxy ^'^^ independently selected from 

(2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Ci-Salkyl 

(4) -0R6. 

(5) -C02R6. 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I 

"'?sr T''"" ^2 ^nd R3 reside on the 

same carijon atom of Formula I. or two of the group R, Rn 
and R3 reside on adjacem atoms of Formula I. s^d t^o ' 
members may optionally be joined, such that together widi 
the carbon atom to which they are attached there is formed a 
saturated or unsaturated monocyclic ring of 5, 6 or iZl 
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said monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 resides on an atom 
adjacent to the N on which R4 resides, said member may 
5 optionally be joined with R4, such that together with the N 

on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 

10 N.OorS, 

R4 and R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -CONR8R9, where Rg and R9 are each independently 
hydrogen or Cl-Salkyl, said Cl.3alkyl optionally substituted 

15 by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRloRll. wherein RlO and Rl 1 are each 
20 independently H or Cl-3alkyl, 

(5) -ORiO. 

(6) -CO2R10, 

(7) -S(0)mRlO. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
25 (c) -CSNR8R9. 

(d) -COR9. 

(e) -CO2R9, 

(f) -CSR9, 

(g) -Cl-4alkyl. 

30 

5 . A compound according to Claim 4 wherein 



n is 0, 1, 2 or 3 

X is selected from O, S and NH, 
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Rl, R2 and R3 are each independently selected from the group consisting 

(a) hydrogen, 

(b) CMalkoxy, 

(c) CMalkylamino, 

(d) CMalkylcarbonyl, 

(e) linear and branched C] -4alkyl, 

each of (b) to (e) being optionally mono or di- substituted 
the substituents being independently selected from 
' (1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. wherein R6 and R7 are each independently 

hydrogen or Ci.3alkyl, 

(4) -0R6, 

(5) -C02R6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I 
R4 IS selected from the group consisting of 

(a) hydrogen, 

(b) -CONHR9. where R9 is hydrogen or Cl-3alkyl. 
said Ci -salkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRii. wherein Rio and Ri 1 are each 

independently Ci.3alkyl 

(5) -ORlo. 

(6) -C02Rio. 

(7) -S(0)niRlO. where m is 1 or 2, 

(8) halo selected from F. CI, Br and I 

(c) -CSNHR9; 

(d) -Ci-4alkyl. 

R5 is selected from the group consisting of 
(a) hydrogen. 
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(b) -C0NHR9. 

(c) -CSNR8R9. 

(d) -Cl-4alkyl. 



6. A compound according to Claim 4 of the formula 



R4 or 



or tautomers thereof wherein 
n is 0, 1 or 2. 

7. A compound according to Claim 6 wherein 
n is 0, 1 or 2, 

X is selected from O, S and NH, 

Rl and R2 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) linear and branched C 1 .4alkyl, 

each of (a) and (b) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R? are each independently 

hydrogen or Ci-3alkyl, 

(3) -0R6, 

(4) -C02R6, 

(5) -S(0)kR6, where k is 0, 1 or 2, 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -CONHR9, where R9 is hydrogen or C l -3alkyl, said C 1 - 
3alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
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(3) carboxy, 

(4) -NRioRii,whereinRioandRii are each 

independendy 
Cl-Salkyl, 

(5) -ORio. 

(6) -C02Rio, 

(7) -S(0)inRlO, where m is 0, 1 or 2, 
(9) halo selected from F, CI, Br and I 

(c) -CSNHR9; 

(d) Ci-salkyl; 

R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -CONHR9. 

(c) -CSNR8R9, 

(d) Ci.salkyl. 



A compound according to Claim 7 of the formulae 
or ^^4 



X J. C.1 . '^on^POund according to Claim 8 wherein 

A is selected from S and NH, 

Rl is selected from the group consisting of 

(a) hydrogen, 

(b) linear and branched CMalkyl. said CMalkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NR6R7. wherein R6 and R7 are each independently 

hydrogen or C i-salkyl 

(3) -0R6. 
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(4) -C02R6. 

(5) -S(0)kR6. where k is 0, 1 or 2, 
R4 is selected from the group consisting of 

(a) hydrogen, 

5 (b) -CONHR9, where R9 is hydrogen or C i -4alky 1, said C 1 - 

4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

10 (4) -NRloRll. wherein RlO and Rn are each 

independently 
Ci-3alkyl. 

(5) -ORlO. 

(6) -CO2R10. 

1 5 (7) -S(O)mRl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -CSNHR9; 

(d) Cl-3aUcyl; 

R5 is selected from the group consisting of 

20 (a) hydrogen, 

(b) -CONHR9, 

(c) -CSNR8R9, 

(d) Cl-3alkyl. 

25 10. Acompound according to Claim 9 wherein 

X is selected from S and NH, 
Rl is selected from the group consisting of 

(a) hydrogen, 

(b) linear and branched Cl-4alkyl, said Cl-4alkyl 

3 0 being optionally mono or di- substituted the substituents 

being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 
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(3) -C02R6. and 

(4) -S(0)kR6. where k is 0, 1 or 2. 
R4 IS selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3alkyl; 

R5 is selected from the group consisting of 
(a) hydrogen, 

. iu?^^^' "^^^'^ ^y^^g^" CMalkyl. said 
CMalkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRi 1, wherein Rio and Ri j are each 

independently 
Cl-3alkyl, 

(5) -ORio. 

(6) -C02Rio. 

(7) -SRio.and 

(8) -S(0)mRio, where m is 1 or 2, 

(9) halo selected from F, CI. Br and I 

(c) -CSNR8R9. 

(d) Ci.3alkyl. 

1 1 . A compound of Claim 1 selected from 

(a 2-Amino-5,6-dihydro-3H-l,3-thiazine- 

(b) 2-Methylamino-5.6-dihydro-3H-l,3-thia2ine- 

c 2-EthyIamino-5,6-dihydro-3H-l,3-thia2ine; ' 

d) 2-Ptopylamino-5,6-dihydro-3H.1.3-thia2ine; 

if) 2-Butylamino-5.6-dihydro.3H-l,3-thia2ine- 

(g) 2-(2.2-Dimethylethyl)amino-5,6-dihydro-3H- 1 3- 
thiazine; 

2-(Cyclohexyl)amino-5,6-dihydro-3H-l,3-thiazine; 



(h) 



O; 2-Phenylamino-5,6-dihydro-3H-I.3-thia2ine; 
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(j) 2-(3-Dimethylaminpropyl)ainino-5,6-dihydro-3H- 1 ,3 
thiazine; 

(k) 2-(2-Dimethylaminoethyl)amino-5,6-dihydro-3H- 1 ,3 
thiazine; 

(1) 2-(3-Diethylaminopropylamino-thiocarbonyl-amino)- 

5,6-dihydro-3H- 1 ,3-thiazinc; 
(m) 2-(3-Dimcthylaininopropylainino-thiocarbonyl- 

amino)-5,6-dihydro-3H-l,3-thiazine; 
(n) 2-(2-Dimethylaminoethylamino-thiocarbonyl-amino) 

5,6-dihydro-3H- 1 ,3-thiazine; 
(o) 2-(3-Diethylaminopropyl)ethylamino-thiocarbonyl- 

amino)-5,6-dihydro-3H- 1 ,3-thiazine; 
(p) 2-(2-Dimethylaminoethyl)propyIamino-thiocarbonyl- 

amino)-5,6-dihydro-3H- 1 ,3-thiazine; 
(q) 2-(2-Diethylaminoethyl)propylamino-thiocarbonyl- 

amino)-5,6-dihydro-3H- 1 ,3-thiazine; 
(r) dihydro-3H-l,3-thiazine; 
(s) 2-Benzoylamino-4H-3, 1 -benzothiazine; 
(t) 2-Amino-4H-3,l-benzothiazine; 
(u) 5-(2-Thiazolinyl)anuno-norvaline hydrochloride; 
(v) 5-(S)-2-Imino-3-thia-l-aza-bicyclo(3.3.0)octane; 
(w) 2-Aimno-4-iodomethyl-thiazoline; 
(x) 2-Amino-4-hydroxymethyl-thiazoline; and 
(y) S-((2-amino-thiazolino)methyl)isothiourea, or a 
pharmaceutically acceptable salt thereof. 

12. A compound according to Claim 1 selected from the 

group consisting of 

(a) 2-Amino-cis-5,6-dimethyl-5,6-dihydro-4H-l ,3- 
thiazine, methanesulfonic acid salt, 

(b) 2- Amino-trans-5,6-dimethyl-5,6-dihydro-4H- 1 ,3- 
thiazine hydrobromide, 

(c) 3-Amino-2-thia-4-aza-cis-bicyclo(4,4,0)-dec-3-ene 
hydrochloride, 



wo 96/14842 



PCT/US95/14512 



-70- 

(d) 3-Aniino-2-thia-4-a2a-cis-bicyclo(4,3.0)-non-3-ene 
methane sulfonic acid salt, 

(e) 2-Amino-trans-4.5-dimethyl-5,6-dihydro-4H-l 3- 
thiazine, ' 

(f) 2-Amino.cis-4,5-dimethyl-5,6-dihydro-4H-l,3- 
thiazine, methane sulfonic acid salt 

(g) 4-Amino-3-diia-5-aza-trans-bicyclo(4.4,0)-dec-4-ene 
methane sulfonic acid salt, 

(h) US)-6(R)-4-Amino-3-thia-5-a2a-cis-bicyclo(4 4 0)- 
dec-4-ene hydrochloride, 

(0 l(R)-6(S)-4-Amino-3-thia-5-aza-cis-bicyclo(4 4 0)- 
dec-4-ene, v » ' ^ 

0) 2-Amino.4-methyl-5.6-dihydro-4H-l,3-thiazine 
hydrochloride, 

Oc) 2-Amino-4-phenyl-5,6-dihydro-4H-l,3-thiazine 
hydrochloride, 

(1) 2-Aniino-5-phenyl-5,6-dihydro-4H-l,3-thia2ine 
hydrochloride, 

(m) 2.Amino-5-methyI-5.6-dihydro-4H-1.3-thiazine 
hydrochloride, 

(n) 2-Anuno-6-methyl-5.6-dihydro-4H-l,3-thiazine 
hydrochloride, 

(m) 2-Anuno-6,6-diniethyl-5,6-dihydro-4H-1.3-thiazine 
hydrochlonde, and 

(n) Aihino.6-phenyl-5.6-dihydro-tH-l,3-thiazine 
hydrochloride. 



13. A pharmaceutical composition for treating a nitric 
ox.de synthase n,edia,ed disease comprising a pha^aceuti^' 
a non-toxic effective amount of the compound of Claim 1. 



.v„,i,. .'^'"°*'^'^""n""'"i"8*"«ivity of nitric oxide 

synthases compnsmg administering to a subject suffering from 



anitnc 



wo 96/14842 
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oxide synthase mediated disease, a non-toxic therapeutically effective 
amount of the compound of Claim 1, 
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